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Introduction
It has long been recognized that genetic disorders contribute to embryonic and fetal mortality by causing reduced fertility in various species (Salisbury et al., 1977) , but few examples of such disorders have been demonstrated because of the difficulty of studying a conceptus that is destined to be resorbed or aborted. One such example is the homozygous recessive genotype for the bovine deficiency of uridine-5'-monophosphate (UMP) synthase, which apparently results in embryonic mortality at~D ay 40 of gestation . Mortality is attributed to reduced DNA and RNA synthesis as UMP synthase catalysed the de novo synthesis of pyrimidine nucleotides.
The deficiency of UMP synthase is inherited as an autosomal recessive among dairy cattle . Hétérozygotes, comprising 1-2% of US Holsteins Shanks et al., 1987) , have half the normal concentrations of the enzyme in various tissues (Harden & Robinson, 1987) . Erythrocyte UMP synthase activity is routinely used for identifying hétéro¬ zygotes (Jones et ai, 1986) , with two-thirds of normal as the delimiter between normal and hétérozygotes. Homozygous récessives are expected to have less than one-third normal activity, have not been observed in >4000 cattle tested and appear to die in utero. The evidence for embryonic mortality comes from matings between heterozygous females and males that resulted in 31 pregnancies diagnosed by rectal palpation at 1-month after conception . The outcome of these pregnancies was 9 normal calves born, 14 (Shanks, 1990) .
While UMP synthase activity can be measured in 15-day embryos, variability among normal embryos at this age was extensive and precluded distinguishing between heterozygous and homozygous recessive embryos on the basis of activity (7-50, 6-25, 6-25, 5-0, 50, 3-75, 3-75, 2-5 Embryo measurement. Once all embryos had been collected and photographed, the photographs were enlarged 1-55-fold and placed in random order. The greatest length, which is equivalent to crown-to-rump length for embryos at this age (Winters et ai, 1942) , was the longest straight-line distance across the embryo as measured by calipers, normalized by a 5-cm rule included in all photographs. The contour length (Winters el ai, 1942) In 35-day embryos from hétérozygote hétérozygote matings, the mean UMP synthase activity of 1*51 units/mg protein (standard deviation of 0-80 units/mg protein) was significantly lower (P < 001) than the mean activity of the obligatorily normal embryos (Fig. 2) . The coefficient of variation of 53% was also larger than observed for obligatorily normal embryos supporting the hypothesis that more than one genotype was represented among embryos from hétéro¬ zygote hétérozygote matings. Following our classification criteria, embryos were found in three non-overlapping groups; ranges (means ± s.e.m.) were as follows: five putative normal embryos with 2-25-3-49 units/mg protein (2-64 ± 0-22); ten putative heterozygous embryos with 108 to 1-41 units/mg protein (1 -22 ± 0-15); three putative homozygous récessives with 0-47 to 0-68 units/ mg protein (0-60 ± 0-28). Furthermore, the distribution of 5:10:3 was not statistically different from the expected ratio of 1:2:1 for hétérozygote hétérozygote matings. The results demonstrate that the homozygous recessive genotype is indeed conceived and can be carried for 35 days. Fig. 2 . Distribution of uridine monophosphate synthase activity among 35-day bovine embryos from hétérozygote hétérozygote matings. Dashed lines designate one-third to two-thirds of normal activity. Putative (homozygous) normal embryos have activity > two-thirds normal; putative hétérozygotes have activity between one-third and two-thirds normal; and putative homozygous récessives have activity < one-third normal.
Considering all embryos, genotype (obligatory normal, putative normal, putative hétérozygote and putative homozygous recessive) accounted for 75% of the variation in activity of UMP synthase. Table 1 reports their developmental characteristics. Genotype accounted for 33% of the variation in mass, 35% of the variation in greatest length and 30% of the variation in contour length. Differences between genotypes for mass, greatest length and contour length were all signifi¬ cant (P < 0-01). While the putative homozygous récessives were smaller by all criteria, this was primarily due to one embryo that may have been degenerating. It is not known whether the low UMP synthase activity in this embryo is a cause of or a result of the degeneration process. The mass and size of the obligatorily normal embryos were smaller than for the putative normal embryos; crowding (five embryos in one horn) may account for this observation. The mass, greatest length and contour lengths were similar to values reported for individual 33-and 37-day bovine embryos (350 and 906 mg; 1-28 and 1 -83 cm; 3-44 and 4-31 cm, respectively) (Winters et al., 1942) . From measurements on 37 embryos, the correlation between greatest length and contour length was 0-88, supporting the expected strong association between these measurements of size. Mass was also positively correlated with greatest length (r = 0-88) and contour length (r = 0-82) . Correlations between activity of UMP synthase and size measurements were near zero when estimated from all embryos. This was expected in as much as activity is expressed per mg protein in order to normalize for size. Among the obligatorily normal embryos, crowding significantly affected mass and greatest length (P < 0-01) and had a tendency to affect contour length (P < 010) ( Table 2 ). In retrospect, the decision to allow one normal cow to carry her own superovulated embryos compromised one objective of evaluating development of putative hétérozygotes and putative homozygous récessives. The obligatorily normal embryo with the least activity of UMP synthase was the smallest obli¬ gatorily normal embryo. For obligatorily normal embryos, the correlation of UMP synthase activity was 0-60 with greatest length (P < 001), 0-42 with mass (P > 005), and 0-41 with contour length ( > 005). Apparent inconsistency between different estimates of the association between size and activity of UMP synthase is a function of few observations and influence of one or two aberrant embryos, which apparently resulted from uterine crowding. . However, developmental retardation from a cause other than UMP synthase deficiency may also lead to lower UMP synthase activity.
